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22.1 Mendelian Inheritance 

Mendelian inheritance refers to the patterns of inherit 
of organisms which reproduce sexually. 

Gregor John Mendel was an Austrian monk who formulated some q 
fundamental principles regarding the inheritance of traits. Between 1856 — 18€ 
performed number of experiments in which he cross-bred pea plants (Pisum sa 
with 7 pairs of contrasting characteristics Mendel explained his results by describir 


laws of inheritance that introduced the idea of dominant and recessive genes. (Fig.2: 
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E) Yellow seeds X Green seeds & (3/4:1/4) 

ğ Round seeds x — Wrinkled seeds &> ; (3/4:1/4) 

yf Green F x Yellow pods KP” (3/4:1/4) 

y 4 Inflated pods x Constricted pods d (3/4:1/4) 

w, Axial flowers x Terminal flowers 3 (3/4:1/4) 
Tall plants X Dwarf plants $ (3/4:1/4) 


Fig.22.1 Mendel's Seven Contrasting Pairs of Characters 


a Association of Inheritance with Laws of Mendel 
- Gregor John Mendel, through his work on pea 
5, discovered the fundamental laws of inheritance. 
deduced that factors (genes) come in pairs and 
rited as distinct units, one from each parent. Mendel 
ced the segregation of parental genes and their 
arance in the offspring as dominant and recessive 
s. He recognized the mathematical patterns of inheritance from one generation to the 

t. On the basis of his series of experiments on pea plants he formulated following 


| Extra | 
Information 
On genetic level all humans 
are more than 99% identical. 


The Law of Segregation 

-= The law of segregation states that the two alleles of a single trait will separate 

jomly. Each inherited trait is called factor (gene) pair. Parental factors (genes) are 

omly separated to the sex cells so that sex cells contain only one member of the factor 
pair. Offspring, therefore, inherits one allele from each parent when sex cells unite 


f 


3 ization. Ea 
= The Law of Independent Assortment \ Information) 


a The law of independent assortment states that the The term Mendalian 
inheritance refers to a set of 


ele of one gene separate independently of another |. imiatrevolve abolie 
ele. Genes for different traits are sorted separately | passing down of hereditary 
om one another so that the inheritance of one trait is not | traits from parents to 
spendent on the inheritance of another. offsprings. 
eritance of Single Trait (Monohybrid Cross) 
v of Segregation 
Mendel carefully selected 7 pairs of contrasting characters for his experiments. 
First he experimented plants with one pair of contrasting characters such as tallness and 
shortness of the plants. This type of cross which involves only one pair of contrasting 
aracters is called monohybrid cross. 
cedure and Observations 
= In one of his experiments, Mendel crossed tall pea plants (about 2 meters high) 
vith dwarf pea plants (about 20 — 50 cm). He used pure breeding varieties i.e. plants 
which when self-fertilized produced offsprings that resembled their parents. He crossed 
pollinated tall plants with pollen from dwarf plants and vice versa. He planted the seeds 
from these plants and observed the resulting hybrid which he called the first filial 
generation or F, generation. In F, generation all plants were tall. He then allowed F, 
plant to self-pollinate and produced seeds which gave rise to F, (second filial) 


generation. In F, he got 1064 plants. Out of these 1064 plant 787 were tall plants ang g 
dwarf plants /.¢. in the ratio of about three tall one dwari (3:1). | 

Mendel also made crosses using 6 other contrasting characters of pea plants g 

got almost similar results 
in all his experiments, Mendel observed that one trait or character appeared in 
generation while other disappeared. However, this character reappeared in F, generat 
but only in about 1/4 of the total number of offspring. The character which appeared in 
generation is called dominant while the character which could not express itself in 
generation is called recessive trait. 


Dominant Gene 
It is able to express itself eve 
in the presence of its recessiv 
allele and does not requi 
similar allele to produce i 
effect. 

Recessive Gene 


— 


Interpretation of the Results 
On the basis of these experimental results Mendel 

was able to suggest a mechanism to explain the 

observations, he had made about pea plants. Infact, he 
suggested a model of how the inheritance of traits could 
be explained. Mendel concluded that: 

© Hereditary characters are responsible for 
transmission of characteristics. 

. Each characteristics is controlled by a pair of | 
factors (genes) in the cell of an organism e.g. 
colour of flower, colour of seed, shape of seed, 
height of plant, etc., are controlled by a pair of 
factor. 

© If the two factors differ then only the dominant ( | Extra. 
one will show its effect e.g. ifa pea plant contains | X ion A at A 
one factor for tallness and one for dwarfness, only 
the tall (dominant) will show the effects. 

“ The two factors in each pair separate or segregate 
during gamete formation and each gamete will 
contain only one factor. This statement is known 
as Mendel's law of segregation. 

Hence when a pea plant containing a factor for 
tallness and a factor for shortness produces gametes. A 
particular gamete will either have tall factor or the dwarf 
factor but not both. Thus the gametes are always pure. 

2 The fusion of haploid gametes at fertilization restores the diploid condition in the — 


zygote. 
s Gametes unite at random so that a predictable ratio of characteristics occur among — 


the offsprings. 


typic effect only in presence 0 
As imilar allele. 


inheritance of Two Traits (Dihybrid Crosses) 
fendel’s Law of Independent Assortment 


Mendel suggested his second law of inheritance by following two characters at the 
ame time, such as seed color and seed shape. Pez eda shane may be either round 
smooth) or wrinkled. From single character crosses, Mendel knew that allele for yellc 
seed is dominant (Y), while allele of green seed is recessive (y). He also knew that allele 
from round seed is dominant (R), and allele for wrinkled is recessive (s). 
procedure and Observations 

Mendel crossed pure round-yellow seeded plant | Interesting 


RRY Y) with wrinkled green seeded plant (rryy) and ) Infe AE 
ot F, generation. In F; generation, he got all round- [En bard meas ae ene 
4 FA the pliant self-fertilize, te 
yellow seeded plants. However, these plants will be | offsprings will always look 
dihybrids i.e. RrYy. The key step in the experiment is to | exactly like their kba Pe 
e what happens when F, plants self-pollinate and | the ‘ll plants were crossed 
roduce F, generation. If the hybrids transmit their allele = 
in the same combinations in which the alleles were 
nherited from parental generation, then the F, hybrid will produce only two classes of 
gametes: RY and ry. This dependent assortment hypothesis predicts that the phenotype 
ratio of F, generation will be 3:1, just as in monohybrid cross. 

‘The alternative hypothesis is that the two pairs of allele segregate independently 
of each other. In this example the F, plant will produce 4 types of gametes in equal 
yuan ities Le. RY, rY, Ry, ry. If sperm of the 4 classes fertilize eggs of the 4 classes. there 
will be 16(4%4) equally probable ways in which the alleles can combine in F, generation. 
These combinations result in 4 phenotype categories with a ratio of 9-3:3-1. Nine will be 
rounc yellow, three will be wrinkled yellow, three will be round-green and one will be 
wrinkled green. When Mendel did the experiment and obtained F, generation. his results 
were close to the predicted 9:3:3:1 phenotypic ratio. These results were supporting the 
L ypothesis that the allele for one gene-supporting seed colour and seed shape are sorted 


be tall. 


> gametes independently of the alleles of other genes. 

‘Inte ation of the Results 

Mendel tested all seven pairs of contrasting characters in various dihybrid 
‘combinations and always observed a 9:3:3:1 phenotypic ratio in F, generation. Is this 
consistent with the 3:1 phenotypic ratio observed for the monohybrid crosses? To 
investigate this question, let's consider one of the two dihybrid characters by itself- 
Looking only in pea color we see that there are 416 yellow and 140 green peas, 22.97: 
‘ratio, or roughly 3:1 ratio. In this dihybrid cross, the pea color alleles segregate as this 
were a monohybrid cross. The result of Mendel's dihybrid cross is the basis for what ss 


aM es E 
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called law of independent assortment. This law states that the alleles of two (o1 More) 
different genes get sorted into gametes independently of one another. In other words. the 
allele a gamete received for one gene does not influence the allele received from another 
gene. 
Limitations of the Law of Independent Assortment 

This law applies only to those genes (allele pairs) located on different 
chromosomes (non-homologous chromosomes) or alternatively to genes that are very fay 
apart on the same chromosome. All the pea characters Mendel chose for analysis were 
controlled by genes on different chromosome. This situation greatly simplified 
interpretation ofhis multi-character pea crosses. 


Usefulness of Law of Independent Assortment 
This law explains that desired characters of two parents can be expressed in single 
parents and undesired characters can be prevented from expression. Can you guess how? 


Scope of Independent Assortment in Variation 

The independent assortment genes also contribute in mutation because it results in 
the shuffling of chromosomes into various gametes. Crossing over occurs when 
homologous chromosomes exchange genetic information. Thus, chromosomes are 
formed that contain genes from both parents. (Fig.22.2) 
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Fig.22.2 Dihybrid Cross 


22.1.2 A AnaeNtance and Mathematical Probabilities 

robability is a chance of occurring of an event. Mendel laws reflect the same 
ules of probability that apply to tossing coins, rolling dice and drawing cards from a 
deck. The probability scale range from 0 to 1. An event that is certain to occur has a 
probability of 1, while an event that is certain not to occur has a probability of 0 with a 
normal coin, the chance of tossing tails is 1/2 and chance of tossing heads is 1/2. 

: Tossing a coin illustrates an important lesson about probability. For every toss, the 
: probability of head is 1/2. The out-come of any particular toss is unaffected by what has 
 pappened on previous trials. 

| The phenomena such as coin tosses are referred as independent events. Each toss 
of a coin whether done sequentially with one coin or simultaneously with many is 
independent of every other toss. And like two separate coin tosses, the alleles of the one 
gene segregate into gamete independently of another gene's alleles (the law of 
independent assortment). The combined probability of two or more independent events 
can be calculated by product rule. 

Product Rule 

aa This rule states that probability of two or more independent event occurring 
_ together can be calculated by multiplying the individual probability. This rule ts useful in 
_ genetics. The product rule is used to predict frequencies of fertilization events. 
According to this rule the probability of round yellow phenotype in F, generation 
| ofa dihybrid cross is equal to the product of individual probabilities of round (3/4) and 
yellow (3/4) phenotype i.e. P=3/4x3/4=9/16. 


22.2 Exceptions to Mendelian Inheritance 

; We know today that there are many exceptions to Mendel's laws. It means that not 
every gene has alleles that are strictly dominant or recessive. Does this mean that Mendel 
= was wrong? No it means that we know more today about genetics, diseases and 
inheritance than 150 years ago, when Mendel formulated his laws. Some of the most 
common exceptions of Mendelian inheritance will be discussed here. 


22.2.1 Incomplete Dominance 
When two contrasting characters are crossed, and if in F, generation none of the 

characters is fully expressed then this phenomenon is called incomplete dominance. It 
was first described by Carl Correns. 
Example: When red (RR) Japanese 4 o'clock flower plant (Mirabilus Jalapa) is crossed 
with white (WW) 4 o'clock flower plant, in F, generation hybrid plant have pink (RW) 
flowers. This third intermediate phenotype results from the flowers of heterozygotes 
having less red colour than the red homozygotes. This is unlike the case of Mendel's pea 
plant. (Fig.22.3) 

At first glance incomplete dominance of either allele seems to provide evidence 
for the blending hypothesis of inheritance which would predict that red or white traits 


| 


could never reappear among offsprings from pink 
hybrid. In fact, inbreeding F, hybrids produce F, 
offsprings with a phenotypic ratio of one red to two 
pink to one white j.e. 1:2:1 ratio. Thus genotype and 
phenotype ratio is same (RR, 2RW, WW). The 
segregation of the red flower and white flower alleles 
in the gametes produced by the pink flowered plants 
confirms that the allele for flower colour are heritable 
factors that maintain their identity in the hybrids; that 
is; inheritance is particulate. 


22.2.2 Co-dominance 
The dominance relation when two contrasting ye He 
characters are crossed and in F, generation both of & 5 vey A se 
` o), two pin 
them fully express themselves is called co- - ; Se a (25%) ae 


dominance. Fig. 22.3: Incomplete Dominance 


For example, the human MN blood group is 
Genetic Problem 


determined by co-dominant alleles for two specific 

molecules located on the surface of red blood cells, the M 4 What would be expected 
and N antigen molecules. A single gene locus at which | offspring when red four 
two allelic variations are possible, determines the || O'clock plant is crossed with 
phenotype of this blood group. Individual homozygous 
for the M allele MM have red blood cells with only M 
molecules; individual homozygous for the N allele NN 
have RBCs with only N molecules. But both M and N 
molecules are present on the red blood cells of 
individuals heterozygous for the M and N alleles (MN). 
The MN phenotype is not intermediate between the M 
and N phenotypes, which distinguishes co-dominance 
from incomplete dominance. Rather, both M and N 
phenotypes are by heterozygotes, since both molecules 
are present. (Table 22.1-22.2) 


Table 22.1: MN Blood Group Showing Co-dominance 
Genotype Phenotype 


fntigen Present on red Be 


DT” 


Lt. 
ice 


Incomplete dominance 


Intermediate trait appear. 


Has independent effect. 


Both traits 
simultaneously appears. 


Both alleles are expressed itself partially. 


None of the parental characteristics 
express in offSpring. 


ultiple Allele 


Any one ofa series of three or more alternative or allelic forms ofa gene, only two 
of which can exist in any normal diploid individual is known as multiple allele. 


The ABO blood group is an example of multiple allele. It is also an example of 
eption to Mendelian inheritance. 


The 4 blood groups A, B, AB and O O are all determined by a single gene. Three 
alleles of this gene exist. Pali I andi. I" and I° are dominant while i is recessive to both 1^ 


Both alleles are equally conspicuous. 
Both parental characteristics express in 
offspring. 


Blood Group System 


Although the ABO and Rh-groups are most important for blood transfusions, 
here are 36 other known blood group that usually do not complicate the blood — 
ransfusion are called rare types. 

| Each blood group has a combination of sugars and protein called antigens that are 
found on the surface of RBCs. There are about 600 antigens so there is potential for a lot 

of variation between different people. 


22.3.1 ABO Blood Group System 

ABO blood group is an example of multiple allele 

which is an exception to Mendelian inheritance. In 1900 

Karl Landsteiner reported a series of test, which 

identified the ABO blood group system. He got noble 
prize in 1910 for his discovery. The ABO blood group is 

also found in other primates like apes, chimpanzees, 


ABO antigens are glycolipid in nature, attached on the surface of red blood cells. 
_ These antigens stick out from cell membrane and there are many antigen sites per red 
i lood cell. Besides their presence on red blood cells, soluble antigens can be present in 
_ plasma, saliva and other secretions. These antigens are also expressed on tissues other 


4 i 
223. 


than red blood cells. There are two types of antigens ie. antigen A ae i? ai presona 
absence of these antigens makes 4 types of blood groups Ken blaoa group AB ant 
A is present, blood group B when antigen B is present, blood Bond Hie a og 
antigens A and B are present and blood group O when both antigens 4 anc’ B are abse 
Genetic Basis of ABO System “ti 

Blood groups are inherited from both parents. The Problem 
ABO blood group is controlled by a single gene with 
three types of alleles i.e. I‘, T and i. The I stands for 
isoagglutinogen. The I^ and I" both are dominant alleles, | 
while 'i' is recessive. The gene is located on long ant of | 
chromosome no 9. The individual with genotype Bay and 
[^i have type A blood group and individual with I 1 and 
l’ihave type B blood group. 

The genotype I^I? have blood group AB 
dominant. An individual having genotype ii has blood g 
Codominance: Another example of codominance 1S 
two types of protein (“A” and “B” appear together on 
(Table:22.3) 

Table 22.3: ABO Blood Group Antibodies and Antigens 


ABO Blood Groups 
Antigen A+ B 


A man of blood group B ag 
women of blood group A hay 
three children. One is group 
one group B and one group C 
| What are the genotype of fiy 
people? 


= oes 


because both I‘ and I’ alleles a 


roup O. 
human blood type AB, in whic 
the surface of blood cell 


Neither Antigen 
A nor B 


Antigen 
(on RBC) 


Anti-A Antibody | Neither Antibody | Both Antibodies 


av 4 
‘+ 


Anti-B Antibody 


A xe 
YN yp 


Antibody 
(in plasma) - 


Type A Type B 
Cannot have B or | Cannot have A or Can have any Can only have 
Blood AB Blood AB Blood type of blood O blood 
Type 


Is the universal 
dono! 


Can have B or O 
Blood 


Can have A or O 
Blood 


Is the universal 
recipient 


antibodies of ABO Blood System 

Two types of antibodies are present in blood 
asma. The 
atigens in Opposite way i.e. 
, antigen 
sibodies, none of the antigen with both antibodies A 


nd B. There is an agglutination reaction between similar 


antibodies present together the 


Antigen A with anti-body 
B with antibody A, antigen AB has no 


with 


ntigen and antibody. Antigen “A” agelutinates the 
ntibody A and antigen “B” agglutinates the antibody B. 
rransfusion Principle 

Blood transfusion is the process of transferring 
lood into one's circulation intravenously. Transfusions 
used for various medical conditions such as 
deficiency of blood, blood lost during pregnancy or any 
surgery, any blood cell disease like thalassemia, sickle 


and leukaemia, etc. 
Before blood transfusion blood group of recipient 


nd donor are tested. If transfusion is carried out between 
two incompatible blood groups, antigen, antibody 
reaction will occur in recipient and as a result 


person with blood group B or O. The person with blood 
group AB can receive blood from all other types i.e. A, B, 
| AB and O while a person with blood group O can only 
-teceive blood from its own type. Therefore, blood group 
‘O'is called universal donor and blood group AB i is called 
universal recipient. 

7 225 


Nira 
Information 


An erythroblast is a type of 


RBC which still retains a cell 

nucleus. It is intermediate 

precursor of normal erythro- 
tes. 


The woman with blood group 
B has a child with blood group 
O what is the genotype of 
i mother and child? What are 
the genotypes father could 
\have? 


Problem 


| The father has hybrid blood. 
type 'A' and mother hybrid 
blood type B what are possible 


Genetic f 


blood groups of their 
Achildren? 


The blood group O is more 
frequent in human population. 


- | Can you expl-ain why this is- 


so? 


Ss rESHunS 
ini Pe mati 
` ft alti 
Bate, 


oblastosis Foetalis 
f Rh factor present on the surfaci 


22.4 Rh Blood Group System and Erythr 
Rh blood group system is defined on the basis O 7 ; 
e ABO blood t d 

of red blood cells. Rh factor is another blood group geen Pes chile he l 
represented by + or— sign. The +ve sign indicates ki M ntigen from the blood J 
indicates the absence of Rh factor. Landsteiner discovered Rh a 8 of 
Rhesus monkey in 1930. 


Antigens of Rh Blood Group System and Gen 

Rh blood group system is encoded by three gen 
two loci i.e. locus D and C or E loci. Gene D is located on 
located on other locus. However, D locus has prime impo 
alleles, D and d. D is completely dominant over d. Therefore, 
are Rh +ve. The person dd genotype is Rh—ve. 

The O ar blood a is aan donor because it can donate blood to all blood 
groups. The AB +ve is universal recipient because it can receive blood from all blood 
groups. 

Table 22.4: ABO and Rh Blood Groups system 


Dono 


etic Basis 
es C, Dand E. These genes occupy 


D locus while the gene C or E 
rtance. The gene D has two 
the person with DD or Dd 


Recipient 


ITAI 
4 U 


KXXXXXXĚ 


The Rh antibody is not present naturally in the body. This antibody is produced in 
reaction of Rh antigen. Rh +ve donor is totally incompatible for Rh —ve recipient. 
Sometimes Rh —ve person receives Rh +ve antigen through wrong Rh +ve blood 
transfusion. He starts producing anti Rh antibodies against Rh antigen and reaction 


Occurs. 
A donor who has never been exposed to Rh antigen can be transfused to R 


recipient. 


h +ve 


22.4.1 Erythroblastosis Foetalis 
Erythroblastosis foetalis or hemolytic disease (Haemo : blood, lytic : 
breakdown) of new born babies occurs when baby's red blood cells break down at a fast 
rate. Erythroblastosis foetalis develops ina foetus, when anti-Rh antibodies produced by 
the mother pass through the placenta and start hemolysis. 
_ Problems and Complications in Foetus 
; Babies who suffer erythroblastosis foetalis, develop the symptoms of anaemia, 
pale and swollen body at birth. Enlarged liver or spleen. The anaemic foetus starts to 
release many immature erythroblastosis into his blood system; therefore, the disease is 
i called erythroblastosis foetalis. The anaemic foetus may lead to abortion or still birth. If 
the pregnancy continues the liver and spleen produce and breakdown RBCs at fast rate. 
The breakdown of RBCs produces bilirubin. The high concentration of bilirubin in 
foetus blood damages brain and turns the skin yellow. This condition is called jaundice. 

Causes and Risk Factors 

The most common cause of erythroblastosis foetalis is maternal foetal Rh 
incompatibility. Sometime, an Rh -ve woman marries to an Rh +ve man. The women 
conceive a child with Rh +ve blood group maternal foetal Rh incompatibility. If the man's 
genotype is DD, all offspring will have Dd genotype i.e. Rh +ve. If the man genotype is 
Dd, half of the offsprings will be Dd i.e. Rh +ve while half of the offsprings will have 
genotype ddi.e. Rh—ve. 
| The Rh -ve offspring will remain safe in mother body but Rh +ve offsprings will 
= beatrisk in mother's body. Can you guess how? 


_ Prevention and Treatments 
i During a pregnant woman's first prenatal doctor's visit, she should be screened for 
blood and Rh type. If she has Rh-negative blood, the father's blood and Rh type should be 
tested. If the father has Rh-positive blood, then Rh-positive foetus may develop in the 
woman. In this cause the Rh sensitization of Rh-negative mother can be avoided by a 
-= simple therapy. In this therapy she is given an injection of Rh antiserum (serum 
containing anti-Rh antibodies) during early pregnancy (1" trimester) and immediately 
__ after birth within 72 hours of delivery. This causes any of the baby's red blood cells that 
may have crossed into the mother's blood to be destroyed before sensitizing the mother's 
. immune system to produce maternal anti-Rh antibodies. The injected antiserum 
_ disappear: Bbotany the next pregnancy. This has to be done with each pregnancy whether it 

ee oy n. (Fig. 22.4) 
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Genetic Problem >» 


An Rh negative woman 
marries to an Rh positive 
man. The father of man 
was also Rh —ve. What 
will be the possible 


Rh-negative Cells from Woman In the next 
woman with Rh-positive becomes Rh-positive Bp 
l i ie enotypes o eit 
Rh-positive fetus enter sensitized- pregnancy g l 
: gnancy, : 
X tetus woman `s (@) form maternal offsprings! What will be 
“4 bloodstream to fight seiner the chances of eryth- 
- Rh-negative Rh-positive attack feta ‘=< foetalis? 
r blood cells red blood cells roblastosis : 


woman and 
Rh-positive man 
conceive a child 


Fig.22.4: Maternal Foetal Rh-incompatibility 


22.5 Polygenic Inheritance and Epistasis 
Polygenic inheritance, also known as quantitative inheritance, refers to a 


single inherited phenotypic trait that is controlled by two or more different genes. 
The traits that are determined by polygenic inheritance are not simply an effect of 
dominance or recessive trait and do not exhibit complete dominance. Infact polygenic 
inheritance exhibits incomplete dominance so the phenotype displayed in the offsprings, 
is a mixture of phenotypes displayed by the parents. Each of the genes that contributes to 
a polygenic trait has an equal influence and each of the alleles has an additive effect on the 


phenotype outcome. 
The polygenic inheritance should not be confused with the effects caused by 


multiple alleles. 


22.5.1 Wheat Grain Colour (an example of polygenic inheritance) 


Nilsson Ehle performed many crosses between varieties of wheat having red 
seeds and those having white seeds. The noteworthy feature of his experiment was the 
variation in the intensity of the red pigment in the wheat grains produced by F, plants. 
There were many gradations from the deep red of one parent to pure white of the other 
parent so that plant could be divided into 7 different colour classes in the ratio of 1, 6, 15, 
20, 15, 6, 1. Nilsson Ehle could distinguish 6 phenotypic classes with varying intensities 
of red as follows: 1 deep red, 6 dark red, 15 reds, 20 mediums red, 15 light red and 6 very 
light red. Only one of 64 plants produced completely white grain and other one of 64 had 
red grains identical to the parents in the first cross. (Fig.22.5) 


; a postulated three pairs of genes controlling grain colour in wheat with 
genes fOr # (ABC) dominant over genes for white abc. It is also appeared that all alleles 
tributed equally in the production or absence of red pigment. Each of the three gene 


when considered singly in crosses segregated in expected Mendelian fashion 
ucing F, progeny of three red and 1 white. 


j Parental AABBCC  aabbce 
> => 
x 


Red-kernel (dark) individuals crossed with 
white-kernel (light) individuals produce F, 


-p offspring AaBbCe AaBbCo [Ma with i : 
pring with intermediate kernel color 
a © 
x 
The F, offspring, all triple heterozygotes, 
are then crossed to produce a range of 
color variants in the F, generation of 
7 offspring. 
BF, offspring g E 


ABC ABc AbC aBC Abc aBec abC abc 


All contributing 
5 contributing 
4 contributing 


3 contributing 
2 contributing 
| contributing 
All non-contributing =1/64 


Fig.22.5: Inheritance of Wheat Grain Colour 


22.5.2 Inheritance of Human Skin Colour 

The pigment melanin is responsible for dark 
coloration in the skin and there are at least three genes, 
which control human skin colour. Using a hypothetical 
example where the production of melanin is controlled 
by contributing alleles denoted as A, B and C resulting in 
| dark skin colour, and therefore, light skin color is 


+. is possible to see how the 
produced by non-contributing allele, denoted as 4, b and c, It 19 p W the 
spectrum of different skin color can result in the offsprings itance alleles do not displa, 
It is important to remember that in polygenic inher dditive effect rather i 
oe NENO contributing ukene lent to those in Mend: ee 
masking effect, and so the way that the alleles interact is di alian 
genetics. 
In an example using two parents, heterozygous for each a ie p pr 4 3 ng 
genes AaBbCc x AaBbCc, it is possible to see how the additive ations 


of alleles result in all the possible genotypes- (Fig.22.6) 
te. 
Parent generation É aes 
AABBCC 
Aen dark) Y (Very light) 
F, generation AaBbCc 
a * 
AaBbCc AaBbCc 
Spern/Egg 
fiie all 


Gametes ABC ABc AbC aBC Abe aBe abC abc 


` F, generation ABC 
ABc 
AbC 
aBC 
Abc 
aBc 


abC 


pegeees 


va light Very fair Fair poak Medium) Brown Very Dark 
brown brown 


Fig.22.6: Inheritance of Human Skin Colour 


Female 


ie 92.5.3 Epistasis ~ — 
cr | “Epistasis” is a word composed of Greek roots Í Bombay Phenotype 
eans “standing upon”. The epistasis is a form of | ——————S 
Be ction between non allelic genes in which one aie pombay PSU EE 
inte l s — — | discovered in 1952 in Bombay 
combination of such genes has a dominant effect over 


alga eo i he | city of India. Individuals with 
other combinations. A gene is Said to be epistatic when the Bombay phenotype have 


its presence suppresses the expression of a gene which is | the genes to make the ABO 


present on another locus of same or other chromosome. | antigen A one aa but the 

J ; : that produce the H 
ene which is suppressed is known as  50nes 

The E PP _ substance produced at another 

hypostatic gene. locus. Individual with 


Epistasis is different from dominance because 
dominance is the phenomenon in which the alleles of the 
same locus interact with each other to produce a 


| Bombay phenotype can 
receive blood from other 
individual with blood group O | 
ood. 


phenotype. While epistasis is a type of interaction that gout cannot donate bl 


- occurs between alleles of different loci. (Table 22.5) 


Ta 2.5 Difference between Dominance and Recessive Epistasis 


/ Pi stasis Dominance 


is type of gene interaction involves || In this type only one pair of gene is 
non-allelic pairs of genes. involved, therefore, there is no 
interaction. 

An allele mask the effect of another 
allele of the same gene pair. 


Expression of recessive allele is 
masked by dominant allele. 


aii) [One pair of gene masks the effect of 
£ another pair of genes. 

Expression of both the dominant and 
recessive alleles may be suppressed by 
the epistatic gene. 


Relationship of Epistasis with Polygenic 
Inheritance 

The epistasis is a type of polygenic inheritance 
where the alleles at one gene locus can hide or prevent 
the expression of alleles at a second gene locus. 
Labrador retrievers (type of dog) one gene locus 
affects coat colour by controlling how densely the 
pigment eumelanin is deposited in the fur. A dominant 
allele (B) produces the black coat while the recessive 
allele (b) produces a brown coat color. However, a 
second gene locus control whether any eumelanin at all is 
deposited in fur. Dogs that are homozygous recessive at 


| iti) 


tr, -~ A 


this locus (ee) will have yellow fur no matter which alleles are at the = N 
The polygenic inheritance is not controlled by a single gene locus, bu; p 


combined interaction of many gene loci. In epistasis, the interaction between genes ; 
antagonistic, such that one gene masks or interferes with the expression of another. 
An example of epistasis is pigmentation in mice. The white type coat color, agouti (4 J 
is dominant to solid colored fur (aa). However, a separate gene (c) is necessary for 
pigment production. A mouse with a recessive (c) allele at this locus is unable to produc 
pigment and is albino regardless of the allele present at locus “A”. Therefore, the 
genotype AAcc, Aacc and aacc all produce the same albino phenotype. A cross betwee, 
heterozygotes for both genes AaCc x AaCc would generate offspring with a phenotyp;, 
ratio of an agouti 3 solid color: 4 albinos. In this case, the gene 'c' is epistatic to the ',) 


gene. 


Coat Color in Labrador Retriever 
The Labrador retriever is highly 


popular type of dog found all over the world. 
This dog is trained to perform different task 
e.g. screening and detection work for law 
enforcement agencies. These are also used 
for hunting. There are three basic coat color 
in the Labrador: black, yellow and 


chocolate. (Fig.22.7) 
In Labradors, the B and E genes result in black, yellow and chocolate Labrador 


e.g. BB become a black Labrador. The Bb dog is also black but it carries the chocolate 
gene which can be passed on its offspring. So bb genotype have chocolate Brown coat 
color while yellow Labrador is characterized by a recessive epistatic gene (ee). But every 
Labrador retriever has both sets of genes which can come in any combination of capital 
and lower case letters i.e. dominant and recessive alleles. Regardless of the combination 
of B genes, any time the ee genotype is present, it masks the B coloration e.g. BbEE dog 
would have a black coat but Bbee dog would have a yellow coat. The black Labradors are 
dominant, therefore, having the most possibilities. Both yellow and chocolate Labradors 
are recessive, but because a yellow Labradors 'ee' genes mask both the black and 
chocolate coloration. So yellow Labradors are more common than chocolate Labrador. 


Fig. 22.7: Three types of Labrador Retriever 


(Fig.22.8) 
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When two chocolate] 
| colored Labradors were! 
| crossed, a yellow Puppy | 
was born, what is the 
possibility of yellow coat 
colored puppy if the parents 
\are again crossed? 


Fig.22.8: Inheritance of Coat C olor of Labrador Retriever 


Inheritance of Flower Color (Pigment phenotype) of Sweet Pea Balt bn 
odoratus) ESE 

Batson and Punnett studied the genetic control of 
flower color in the sweet pea. It is an example of 
duplicate recessive epistasis. The flowers in this plant are _ ee, 
either purple or white. The flowers will be purple if they | mutation occurs in gamete, the 
contain anthocyanin pigment and flowers will be white if | resulting genetic change can 
they do not contain this pigment. The production of | be inherited. There are also 
anthocyanin is controlled by two different gene loci. The mutations which occur in) 
presence of at least single dominant allele of both the poe body suits These are 
gene pairs is required for the production of anthocyanin. — They Ape tien ge | 
The dominant allele of one gene 'A' acts ona colorless | different type of cancer and 
precursor (substrate A) to produce an intermediate pot transmitted in offsprings. j 
colorless product, which on getting activated by “°° ™ si 
dominant allele of the second gene 'B' result is the formation of anthocyanin pigment 
leading to production of purple colored flower. Thus dominant alleles 'A' and ‘B' 
complement each other to produce purple color. This type of interaction is also called 
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complementary gen e interaction Parents Pur yie flower x 


pie] i White flower 
because it involves the interaction ofboth nie aabb 
a ye » a k . } 
the genes. If anyone locus has ' AaBa Purple flower 
homozygous recessiy k AB AL Ke ta 


AAb genotype i.e. ’ 
AAbb or aaBB then it Will interfere with \B ri \ ae | AaBb AaBb 


i ' aja v - i i . 
dominant allele and hide their expression =, 


of purple color and flowers will be white F» >| iw i 
in color. In this case the epistatic alleles f Bt 
wri “aap and both types of recessive ae ow) 
alleles Cause same epistat; so thi : T 
Pms a- Same epistatic effect so this ab _ aabb 
o epistasis is called duplicate Í -i AA 
recessive epistasis. e flower 
Batson and Punnett crossed Fig.22.9; Inheritance of Flower Color 
white flower plant AAbb with another MANIP Pe 


— poom plant aaBB and got F, generation. In F ı generation all plants were purple 
r plants. Then they self-crossed F, offsprings and got F, generation. In F generation 


they got two types of plants i.e. purple and white in 9:7 ratio. This result confirms the 
duplicate recessive epistasis. (Fig.22.9) 


22.6 Gene Linkage and Crossing Over 


The term gene was introduced by Wilhelm Johannsson (Danish botanist and 
geneticist) in 1909. Gene is a small segment of DNA as chromosome. It consists of 
specific sequence of nucleotides which code a specific protein or polypeptide chain. The 
place on chromosome where the gene resides is called the gene locus. Mendel did not 
know about gene. He used the term factor or element which is now called gene. 


22.6.1 Gene Linkage 

Genes that are located on the same chromosome are called linked genes. Alleles 
for these genes tend to segregate together during meiosis, unless they are separated by 
crossing over. Crossing over occurs when two homologous chromosomes exchange 
segments during meiosis. The close together two genes are on a chromosome, the less 
likely their alleles will be separated by crossing-over. 

Linkage explains why certain characteristics are frequently inherited together e.g. 
genes for hair color and eye color are linked, so certain hair and eye colors tend to be 
inherited together such as brown hair with blue eye. i 

If genes are linked at autosomes, called autosomal linkage and if genes are linked 
on sex chromosomes, called sex linkage. Linked genes violate the law of independent 
assortment because these genes are not free to participate in independent assortment. 


Detection of Gene Linkage 


A test cross is an ideal method to know whether the genes are linked or not. Any 


deviation from the ratio of offsprings as expected by the 
jaw of independent assortment is to be verified for 
linkage. A test cross with one of the parents being 
homozygous recessive. All the offsprings exhibit the 
ossible combination of traits in equal ratio if the alleles 
are not linked and other parents of the original cross is 
heterozygous. Any significant deviation from this 
indicates the possibility of linkage. Approaches to test 
cross can include two-point test crosses for double 
heterozygous and three point test crosses for analysis 
with three genes. If offsprings in test cross are all parental 


SRY Gene Located on Y 
chromosome encodes a 
transcription factor protein 
< which controls expression of 
_ other genes. It stimulates male 

development i.e. developing 

testes, secrete anti mullerian 

hormone and destroy female 
structure. Testosterone 
hormone develop the male 
structure. 


types than it is called complete or light linkage and ifless recombinant and more 
parental types are produced, then this is called incomplete or partial linkage. To 
determine the effect of linkage on inheritance, Morgan performed an experiment on 


Drosophila (fruit fly). 
Morgan Experiment 


Thomas Hunt Morgan (1866-1945) was an American geneticist and 
embryologist. He performed several experiments on Drosophila melanogaster (fruit 
fly). In one of his experiments he crossed long winged and broad abdomen with vestigial 
wing and narrow abdomen fly. The long wing and broad abdomen are dominant while 
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Fig.22.10: Morgan Experiment 


vestigial wing and narrow abdomen are recessive traits. So in F -anica aa all flies Wer, 
long winge i and broad abdomen. Then he self-crossed two flies of F, generation 
generation he obtained 3/4 of offspring with long wings and broad abdomen ; 
remaining 1/4 of the total had vestigial wings and narrow abdomen. (Fig.22.10) 
interpretation of Results A 

These results were unexpected and violation of Mendel's law of independent 
assortment ie. 9:3:3:1. Morgan concluded that the genes of long mares and broag 
abdomen located on the same chromosome. so they could not assort independent), 
during meiosis and rather inherited together. Therefore, no recombinant types were 
produced. 
Linkage Detection 

Gene linkage can only be detected accurately ifthe number of offsprings are quite 
large. It is because the probability i.e. chance of occurring an event determine the kind of 
gametes and chances of their fusion. Thus as large number of offsprings will be, the more 
hance of accuracy in detection of result. More parental type and less or no recombinant 
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Fig.22.11: Linkage in Fruit Fly 


is indication of gene linkage. For detection of linkage Morgan mated the dihybrid (Gg 
Ww) with recessive parental type flies (gg ww). Morgan's result was very different from 
the results, he expected based on the law of independent assortment i. e. 1: 1: 1: 1, while 
the actual result were quite different i.e. more parental types and less recombinant types. 
(Fig.22.1 1) 
Crossing Over | 

During the formation of gametes, the homologous pairs ‘of chromosomes 
exchange their segments. This process is called crossing over. Crossing over results in a 
shifting of genetic material and an important cause of genetic variation. The crossing 
over brings alleles together in new combinations. When these alleles distribute in 
gametes, a wide variety of gametes are produced. This is why the siblings are not 
identical. The cross-over data may also be used to determine the location of gene on 
chromosome i.e. gene mapping. (Table 22.6) (Fig.22.12) 


Table 22.6: Difference between Crossing 


Over and Linkage 


C No Linkave 


‘It keeps the genes together. 


It involves non-sister chromatids of||It involves individual chromosome. 
homologous chromosomes. 


It leads to separation of linked gene. 


Itincreases variability. It reduces variability. 


It provides equal frequency of parental || It provides higher frequency of parental 
and recombinant type in test cross|/type in test cross progeny. 


progeny. 


Homologous Recombinant 
Chromosomes Bivalent Chromatids 
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Non-sister Sister Chiasma 
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Fig.22.12: Chromosomal Crossing Over 


12.8 Sex Linkage 
The sex chromosomes (X and Y) contain genes which are related to sexual 
character (traits) of male and female. However, besides controlling sexual traits. the ee 
chromosomes also contain other genes which are not concerned with sexual traits. This 
henomenon is called sex linkage e.g. gene for blood clotting factor VIII, gene far 
opsin pigment in eye, gene for hairy pinna, erc. An allele that is located only on X- 
chromosome (i.e. non-homologous portion) is called x-linked. The allele that is only 
located on the (non-homologous portion) of Y chromosome is called Y-linked or 
polandric traits. All those such allele which are located on homologous portion of X and 


y chromosome are called XY linked genes or pseudo-autosomal genes because their 
pattern of inheritance is like autosomal genes. 


22.8.1 Sex Linkage in Drosophila 
T.H Morgan (1910) for 
the first time discovered sex 


linkage in Drosophila. Morgan Qex'x' , d- x®y 
when experimenting noted the  White-cyed Female Red-eved Male 


eae An EERCLLE AED DAU leans. 


sudden appearance of one white 
eyed male in the culture of 
normal red eyed Drosophila. 


This white eyed male was B =x'x B= x'x’ -xy d =x'y 
crossed with red eyed female. 

The F, flies were all red eyed 

indicating that white eye color 

is recessive to normal red eye i 

color. When these F, flies were Bares Redes Wiese ie i 


self-crossed freely, the red and 


white eyed flies appeared in the <== D 


° , * F 272 h a > f . 
ratio 3:1 in F, generation. The Fig.22.18: Sex determination in Drosophila 
white eyed flies were male. Among the red eyed fliés two third were female and one third 


yed whereas 50% males were white Eyed 
a reciprocal cross was performed be, 
leinF, generation are redeyed and alj, ` 
duals from F, generation were Nay 
0% red eyed and 50% a 


Na 


The female are all red e 
e were red eyed. When 
deved male, all fema 
types of indivi 
will consist of 5 


were male. 
remaining 50% mal 
white eyed female and re 
are white eyed. When these two 
crossed, female population in F, generation 
eved individuals. le . 

Similarly, the male population 1n this generation consists 
50% white eyed individual. (Fig.22.18) 


le 
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Morgan Conclusion 
On the basis of 
located on X chromosome and this ge 


these results Morgan concluded that the white eye trait geng 
§ 


ne is recessive for eye color. 


22.8.2 Sex Linkage in Humans 
There are many traits in human which are linked with sex chromosomes. The = 
linked traits may be X-linked or Y-linked. The X-linked may be recessive or dominant 


X-Linked Recessive Inheritance 
The X-linked recessive inheritance is 
These are more common in male than female. It is because female possessing one x. 


linked recessive is considered carrier. A female for X-linked recessive trait can only be 
affected if it carries allele on its both X chromosomes. On the other hand, as male has only 
one X chromosome, so if a recessive allele is present on X chromosome it will express 
itself. A father cannot donate X-linked allele to his son. So pattern of inheritance is from 
grandfather to daughter and then grandson. The examples of X-slinked recessive 
inheritance is haemophilia A and B, color blindness and testicular feminization. 
X-Linked Dominant Inheritance 
The X-linked dominant inheritance is due to dominant allele present on X 
chromosome, so this type of inheritance equally affects in male and female. However, all 
female children of affected father will be affected but no male children of affected father 
will be affected. The affected mother may affect 100% children if this dominant allele is 
located on both X chromosomes but if this dominant allele is located only on one sex 
chromosome then chances of affected children will be 50%. The examples of X-linked 
dominant inheritance are hypophosphatemia (rickets), incontinentia pigmenti, e/c 
Y-Linked Inheritance = 
The inheritance of genes located on 'Y' chromosome. Since only male have 'Y' 
chromosome. Therefore some 'Y' linked genes can only be transmitted from father to son 
The Y-linked inheritance is also called holandric inheritance. The concepts of iian 


due to recessive allele on X chromosome 


sce 


nd rece ssive do not apply to Y-linked traits, as only one allele is ever present in any one 
(male) individual. 'Y' linked inheritance never occur in females. The examples of Y- 
linked trait in male are hypertrichosis (growth of hair on ear pinna), porcupine man 
(straight hair on body) and webbing of toes, eze. (Fig.22.19) 
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Fig.22.19: Hairy Pinna ene (H-Y) 
(Example of Y-linked Inheritance) 


12.8.3 Sex Linked Disorders in Human 


Sex linked disease are passed down in families through one of the X or Y 
chromosomes. Some sex linked disorders will be discussed here: 


Genetics of Haemophilia 

It is a serious disease of human in which blood 
fails to clot after it starts flowing from an injury site of 
haemophilia patient. It is an X-linked recessive trait i.e. 
its recessive allele is located on "X' chromosome, say x 
Its dominant allele says X" favors blood clotting. It is 
very rare in females as female requires allele from her 
both father and mother which is very rare, as very few 
diseased males survive to marry and reproduce. On the 
other hand, male can easily get this disease, as they only 
need to get a recessive gene form the mother. 

There are three types of haemophilia i.e. — 
haemophilia A, B and C. The allele for haemophilia A 
and B are located on X chromosome, so these two 
types are X linked. The allele for haemophilia C is located on autosome, so its chances are 
equal in male and female. However, haemophilia A and B are more common. 
Haemophilia A is caused due to missing blood clotting factor VIII and is about 80% of 
total haemophiliac patients. Haemophilia B is due to absence of blood clotting factor IX 
and it is about 20%. haemophilia C is due to missing of blood clotting factor XI and it is 
very rare (less than 1%). 
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(History of Haemophilia 
The haemophilia is called 
royal disease because haemo- 
philia gene was passed from 
Queen Victoria, who became 
Queen of England in 1837 to. 
ruling families of Russia, 
Spain and Germany. Queen 
Victoria's gene ofhaemophilia | 
was caused by spontaneous | 
mutation. l 
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Tobie 22.7- Comparison berween different Types of Haemophilia 


B 


It is least common. 


It is 2" most common type. 


It is very severe. 


It is moderate. 


It is caused by missing of || It is caused by blood clotting 
Iblood clotting factor VIII. | factor IX. 


It is caused by blood clotting 
factor XI. à 


Genetics of Color Blindness 

Color blindness is not a form of blindness at all, 
but a difficulty in distinguishing certain colors, such as | 
blue, yellow, red and green. The color blindness is infact | Some women can have a. 
a color vision deficiency. It is X-linked recessive | genetic mutation that makes 
inheritance, therefore, more common in males than | Biles a cee ee | 
females. There are three fundamental colors. i.e. Red, | different types of cone cells 
green and blue. There are two types of photoreceptor | enabling them to see 1000 
cells in retina of eye i.e. Rod and cone cells. The rod cells eee erent colors as 

compared to a normal person 

are more abundant but these are incapable of perceiving \whocansee 100 million. 
color. The cone cells are responsible for color vision. 
There are three types of cone cells i.e. red, green and blue color receiving. The cone cells 
can receive these colors if they have opsin proteins. The three type of opsin protein is 
coded by different genes. The gene for red and green opsin are on X chromosomes while 
gene for blue opsin is on chromosome No.7 which is autosomal chromosome, so equally 
expressed in male and female. The color blindness may be in the form of dichromacy and 
monochromacy. 
Dichromacy 


Acolor blind patient with dichromacy can perceive two primary colors but unable 
to one primary color so dichromacy can further have three sub types 
1) Protanopia is red color blindness. 
2) Deuteronopia is green color blindness. 
3) Tritanopia is blue color blindness. 
Monochromacy 

It is severe type of color blindness in which patient perceive only one color. It is 
true color blindness. Usually monochromate cannot perceive red and green colors. It's 
pattern of inheritance is same as other X-linked recessive inheritance like haemophilia. 


(Fig.22.20) 


